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Muscle degradation in uremia: 3-Methyihistidine release in fed and
fasted rats. The rate of myofibrillar protein degradation was measured
by 3-methyihistidine (3MH) release in moderately uremic and sham-
operated control rats. The rats were studied in the fed state or after 24
and 48 hours of fasting. When fed, both uremic and control rats gained
weight at the same rate. During 48 hours of fasting, the uremic animals
lost more weight (17.1%) than the shams (13.2%). The ratio of gastro-
cnemius muscle protein per gram of wet weight was not significantly
different under any conditions. When fed and 48-hour fasted animals are
compared, urinary excretion of 3MH rose from 0.81 to 1.32 moles per
24 hr per 100 g of initial body wt in shams and from 0.90 to 1.30 moles
per 24 hr per 100 g of initial body wt in the uremics. When the ratio of
3MH to creatinine excretion in the urine was compared, there was no
change in 3MH excretion between 0 and 24 hours, but there was an
increase between 24 and 48 hours. Analysis of serum and muscle
samples from fed and 48-hour fasted anim tls revealed that the concen-
trations of 3MH increased in both groups outing fasting, with the
uremic rats having a larger increase in the total body 3MH pool.
Myofibrillar degradation rates calculated from the sum of urinary
excretion plus the changes in body 3MH pool size revealed that with
moderate fasting, degradation rates increased in both sham and urernic
rats with a larger increase being seen in the uremic group. After 48
hours of fasting, the increased amount of 3MH released from muscle of
uremic rats was comparable to their larger percentage weight loss.
Degradation musculaire an cours de l'urémie: Liberation de 3-methyl-
histidine chez les rats nourris et a jeun. La vitesse de degradation des
protéines myofibrillaires a été mesurée par la liberation de 3-methylhis-
tidine (3MH) chez des rats modérément urémiques et chez des con-
trOles. Les rats ont été étudiés nourris ou bien après 24 a 48 heures de
jeune. Les rats nourris, uremiques ou contrôles, ant pris du poids de Ia
méme facon. Au cours de 48 heures dejeune les animaux urémiques ont
perdu plus de poids (17,1%) que les contrôles (13,2%). Le rapport des
protéines du muscle grastronecmien/poids humide en g n'était pas
significativement different dans ces conditions. Quand les animaux
nourris et les animaux a jeun depuis 48 heures ont été compares on
constaté que l'excrétion de 3MH a augmenté de 0,81 a 1,32 moles per
24 hr per 100 g de poids initial chez les témoins et de 0,90 a 1,30 moles
per 24 hr per 100 g de poids initial chez les uremiques. La comparaison
du rapport d'excrétion urinaire de 3MH/créatinine n'a pas montré de
modification entre 0 et 24 heures, puis une augmentation entre 24 et 48
heures. L'analyse d'échantillons de serum et de muscle provenant
d'animaux nourris ou a jeun depuis 48 heures a montré que les
concentrations de 3MH augmentaient dans les deux groupes au cours
du jeune, les urémiques ayant une plus grande augmentation du pool
total de 3MH. Les vitesses de degradation myofibrillaire calculées a
partir du cumul de l'excrétion urinaire et des modifications de Ia taille
du pool corporel de 3MH ont révélé qu'au cours du jeune modéré Ia
vitesse de degradation augmente a la fois chez le contrôle et l'uremique
mais plus chez l'ürémique. Aprés 48 heures de jeune Ia plus grande
quantite de 3MH libérée du muscle des rats uremiques est en rapport
avec leur plus grande perte de poids.
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Muscle mass is decreased in uremia [11. Because the protein
mass of muscle is regulated by changes in the rates of protein
synthesis and degradation [21, abnormalities in either or both
processes could contribute to the reduced muscle mass of
patients with renal failure. Previous studies have assessed
protein metabolism in moderately uremic and sham-operated
rats [31. The uremic animals were more catabolic and had lower
rates of muscle protein synthesis than the controls did after 32
hours of starvation, but not after carbohydrate supplementation
[3]. Because muscle protein synthesis rates were decreased in
those uremic animals, it was not possible to state whether
muscle protein degradation was affected as well. Several au-
thors have used the urinary excretion of an amino acid, 3-
inethylhistidine (3MH), to measure myofibrillar degradation in
rats [4—6] and in humans [7,8] under a variety of conditions.
3MH is present solely within actin and myosin and is released
from muscle during myofibrillar degradation [91. Because3MH
is formed by the posttranslational methylation of histidine and
there is no t-RNA for 3MH, 3MH is not reincorporated back
into protein. Under normal circumstances, this amino acid is
rapidly and quantitatively excreted in human urine as free 3MH
[10]; and in rats, as free 3MH and the N-acetyl derivative [9].
We have assessed muscle degradation rates in uremic and
sham-operated rats by determining the rate of release of 3MH
from actin and myosin as a measure of myofibrillar degradation.
In addition to urinary excretion of 3MH, we have assessed
changes in the extracellular fluid pool of 3MH by measuring
plasma 3MH concentrations in both the fed and fasted states as
well as changes in muscle free 3MH concentrations in response
to feeding or fasting. Calculations have been made to relate the
release of 3MH from muscle to a loss of body weight during
fasting in both moderately uremic and sham-operated control
rats.
Methods
Male, Sprague-Dawley rats, each weighing 50 g, were ob-
tained from Charles River Breeding Laboratories (Wilmington,
Massachusetts). After a 5-day quarantine period, the rats were
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Table 1. Body weights of sham and uremic rats and changes with fasting
Sham Uremic
Fed
0 to 72 hr
Fasted
0 to 24 hr
Fasted
24 to 48 hr
Fed
0 to 72 hr
Fasted
0 to 24 hr
Fasted
24 to 48 hr
Initial wt, g
Final wt, g
Change, %/24 hr
Change, %/48hr
250 8 (16)
263 9
+1,7 0.1
259 7 (20)
240 7
—7.6 0.5
246 7 (16)
229 7
—7.1 0.8
—13.2
203 7b (17)
216 8b
+1.9 0.3
207 7b (24)
187 7b
—10.2 0.5°
196 8b (17)
180 9"
—8.8 1.0
—17.1 1.0°
a Values are the means SEM. Numbers of animals used are indicated in parentheses. Initial body weights are the weights at the start of the indi-
cated period of study.
b P < 0.001, uremic vs. sham.
P < 0.01, uremic vs. sham.
made uremic by partial nephrectomy [11]. Two-thirds to three-
fourths of one kidney of each rat was removed. One week later
the entire other kidney was removed. Sham operations were
performed on control rats at the same times. All animals were
allowed to recover for 2 weeks, during which time they had free
access to rat chow and water. Serum urea nitrogen and creati-
nine concentrations were measured to determine the severity of
uremia.
Sham and uremic rats were randomly divided into three
groups. Group 1 rats were fed throughout the 3-day period,
group 2 rats were fed for the first 2 days and then fasted for 24
hours, and group 3 rats were fed for 1 day and then fasted for 48
hours. During the 3-day period, the rats were weighed daily.
Starting at 10:00 A.M., separate urine collections (hydrochloric
acid preservative) were obtained for each of the 3 days. At the
conclusion of day 3, the rats were anesthetized with ether,
blood was drawn, the sera samples were separated and frozen
until analyzed. The rats were then sacrificed, and the gastrocne-
mius muscles were removed and weighed. The gastrocnemius
muscles were then either dried to determine the dry-to-wet
weight ratios or frozen in liquid nitrogen for later analysis. In
some of the animals, carcass weights (eviserated body) were
determined after 0 or 48 hours of starvation.
Analyses. Serum urea nitrogen was determined by the urease
method (Sigma Kit #640) and serum creatinine by the alkaline
picrate method (Sigma Kit #555 or Beckman Creatinine Ana-
lyzer). Protein was measured by the Lowry procedure [12].
3-MH was determined by high pressure liquid chromatogra-
phy [13]. Protein was removed from serum and muscle samples
by precipitation with trichloroacetic acid and the supernatant
used for the determination of free 3MH levels. Trichloroacetic
acid precipitates of muscle were extracted with chloroform,
ethanol, and ether and then hydrolyzed in 6 N hydrochloric acid
for 24 hours at 110° C [14]. Urinary acetyl-3MH was converted
to 3MH by hydrolysis in 6 N hydrochloric acid for 2 hours at
130°C. Fluorescamine derivatives of 3MH were formed and
then chromatographed on a C-l8 p.Bondpak column (Waters
Associates) using a 21 to 23% acetonitrile in water solvent
system. The 3MH derivative was detected by a fluorometer
(Farrand), and peak areas were quantitated by the method of
external standardization using 3MH.
Statistics. The means SEM are given. Differences between
sham and uremic groups were determined using Student's t test,
and differences between time periods were determined by one-
way analysis of variance [15].
TabIe 2. Cornponents of skeletal musclea
Hours
Component fasted Sham Uremic
Protein, mg/g of
muscle 0
24
48
185
193
176
11(5)
8 (9)
9(7)
167
192
179
9 (6)
17 (9)
9(5)
Dry wt, mg/g of
muscle 0 246 2 (9) 241 2 (13)
Carcass wt/
body wt, % 0
48
73.5
82.9
0.4 (7)
0.1 (12)
74.3
81.5
0.5 (12)
0.3 (12)
3-Methylhistidine
in protein,
p.moles/g
protein 0 3.87 0.15 (18) 3.98 0.32 (4)
Values are the
parentheses.
means SEM, with the number of animals in
Results
Two weeks after the second surgery, the nephrectomized
uremic rats weighed 207 7 g compared with 259 7 g for the
sham-operated rats. The serum urea nitrogen concentrations
were 5.7 0.4 and 22.7 1.5 p.moles/ml in the sham and
uremic rats, respectively.
While in the metabolic cages, the rats were weighed every 24
hours (Table 1). Calculations were based on 0 hour initial body
weight. Fed sham and uremic rats gained weight at 1.7% and
1.9% for 24 hours, respectively (P = NS). When sham rats were
fasted, they lost 7.6% of their initial body weight during the 0 to
24-hour period and an additional 7.1% (percent of the 24-hour
body wt) in the 24 to 48-hr period. When uremic rats were
fasted, they lost more weight than the shams did, 10.2% from 0
to 24 hours and 8.8% from 24 to 48 hours. The weight losses in
the first 24 hours were greater than the second 24 hours because
the initial loss included the emptying of the gastrointestinal
tract. The percent weight loss over the entire 48-hour period
was 13.2% and 17.1% of the fed body weight for sham and
uremic animals, respectively (P <0.01).
When rats were sacrificed at each time point, the protein
concentration of skeletal muscle was determined. Protein con-
centration in gastrocnemius muscle was not significantly differ-
ent in fed or fasted sham and uremic rats (Table 2), although
there was a tendency for the protein concentration to be slightly
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Table 3. 3-Methyihistidine and creatinine: urinary excretion, serum and muscle contents
3-Methylhistidine Creatinine 3MH/creatinineHours
fasted N Sham Uremic Sham Uremic Sham Uremic
Urine p.moles/24 hr/lOOg" p.moles/24 hr/bog" mole/mole
o 28,29 0.81 0.04 0.90 0.03 16.6 0.8 14,3 0.7 0.053 0.005 0.067 0.005'
0to24 15,20 0.80 0.04 0.71 0.03" 17.9 0.8 11.5 0.6"" 0.046 0.003 0.066 0.005'
24 to 48 16,15 1.32 0.11" 1.30 0.09" 17.9 1.9 11.4 0.9 0.085 0.010" 0.131 0.020"
Serum nmoles/ml nmoles/ml moles/mole
0 13,17 1.4 0.2 9.6 0.9" 29.3 1.0 94.4 591 0.048 0.006 0.105 0.01!"
24 4,6 6.5 0.6" 28.4 1.7"" 26.6 3.3 127.2 21.0c.f 0.270 0.069" 0.257 0.042"
48 14,17 4.7 0.6d 20.7 2.4d.1 43.7 5.1 120.6 7.2" 0.107 0.007" 0.214 0.026""
Muscle nmoles/g
0 6,6 2.1 0.4 4.8 1.1'
48 12,11 5.1 0.3d 24.4 3.4""
Values are the means SEM. Number (N) of animals are given as sham and uremic, respectively.
b 100 g of initial body wt.
P < 0.05 vs. 0 hr.
P < 0.005 vs. 0 hr.
P < 0.05 sham vs. uremic.
"P < 0.001 sham vs. uremic.
Table 4. 3-Methylhistidine release from muscle protein during a 48 hr fast
Sham Uremic Uremic/sham
3MH excreted in urine, moles/1OO g initial body wt 1.960 1.980 1.01
L3MH in serum x 11 ml ECF, p.moles/IOO g body wt', excluding muscle ECF 0.022 0.083 3.78
Z3MH in muscle x 45 g muscle, pmoles/1OO g body wta.b 0.105 0.694 6.61
Total 3MH released over 48 hr, p.moles 2.087 2.757 1.32
Body wt loss in 48 hr,% 13.2 17.1 1.30
Body wt was adjusted for weight loss during the fast.
b From Chinn and Hannon [17].
higher after 24 hours of fasting. In gastrocnemius muscle, total
solids, measured as the ratio of dry to wet weight, were not
significantly different in uremia. In the fed state, carcass
weight-to-body weight ratios were equal in uremic and sham
rats. The larger weight loss seen in uremic rats was paralleled
by a proportionately greater loss in carcass weight during
fasting. Therefore, after 48 hours of starvation, there was no
difference between carcass-to-body weight ratios in sham and
uremic animals. Finally, muscle content of bound 3MH, mea-
sured in the fed state, was not different between sham and
uremic rats (Table 2).
Urinary 3MH excretion was measured during each 24-hour
study period. In the fed rats, the urinary 3MH excretion was
0.81 0.04 p.mole per 24 hr per 100 g of initial body wt for the
sham-operated controls and 11% higher for the uremic ones
(Table 3). After 24 hours of fasting, urinary excretion increased
slightly in sham rats but actually decreased in uremic rats.
When rats were fasted for 48 hours, the urinary 3MH increased
in sham (63%) and in uremic rats (44%) over the fed levels.
Creatinine excretion is used as a measure of muscle mass
[16]. Its excretion was lower in uremic than in sham rats (Table
3) and appeared to fall slightly in the fasted uremic rats whereas
it was unchanged in the control group. As a result, the 3MH-to-
creatinine ratios in urine were significantly higher in uremic rats
compared with the identically treated control animals. During
day 2 of fasting, the 3MH-to-creatinine ratio rose in both sham
and uremic animals.
The accumulation of water-soluble compounds might be
expected during fasting in animals with already impaired renal
function. For example, in these experiments, serum urea nitro-
gen concentrations were higher in fed uremics than they were in
shams and increased 64% during the 48-hour fast whereas they
were unchanged in the control rats. Measurements of 3MH and
creatinine levels in serum indicated that 3MH concentrations
were four to five times higher and creatinine concentrations
were two to three times higher in the uremic rats than they were
in the sham rats. In fed rats, the 3MH-to-creatinine ratio in
serum was higher in uremia (0.105 mole of 3MH per mole of
creatinine) than in the sham-operated rats (0.048 mole of 3MH
per mole of creatinine). 3MH accumulated in serum during the 0
to 24-hour fasting period, but there was a decrease in the
urinary 3MH-to-creatinine ratio. Both the serum and urine
3MH-to-creatinine ratios increased during the 24- to 48-hour
period. Muscle free 3MH concentrations (measured in nano-
moles per gram of muscle) were higher in uremic than in sham
rats. In both sham and uremic animals, muscle 3MH concentra-
tions increased after 48 hours of fasting. Thus, to account for all
of the 3MH released from protein, the increase in serum and
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muscle 3MH concentrations must be considered, in addition to
the amount excreted in urine.
Using the data of Tables 1 and 2, the total 3MH released from
protein was compared to the loss in body weight after 48 hours
of fasting (Table 4). To obtain the total 3MH released per 100 g
of body wt, the sum of urinary excretion plus increases in serum
and muscle concentration of 3MH were calculated. It was
assumed that there are 20 ml of extracellular fluid (ECF) per 100
g of body wt and that muscle (45% ofbody wt) [17] contains 9
ml of ECF. The total release of 3MH in our uremic rats was 1.32
times greater than from our control animals. In uremia there
was a comparable 1.30-times-greater loss in body weight. Thus,
the greater loss in body weight in the uremic rats was paralleled
by an increased breakdown of myofibrillar protein.
Discussion
Postoperatively, growth in our uremic rats was significantly
impaired and mean weights dropped to 80% of the control
group. Although growth rates were equal 2 weeks after surgery,
in keeping with their moderate uremia, the uremic rats were
smaller and were actually gaining less weight than the sham-
operated controls.
Although our uremic rats excreted less creatinine per day
(moles/l00 g body weight) suggesting a decrease in muscle
mass, at least one muscle, the gastrocnemius, and the eviscerat-
ed carcass contributed the same percentage of body weight in
body groups. Because uremia is associated with a urinary
'creatinine deficit" due to increased gastrointestinal metabo-
lism of creatinine [18], it is probable that the fraction of body
weight present as muscle tissue was not significantly altered in
the uremic group.
Protein is the major nonaqueous component of muscle, and in
the gastrocnemius, protein content averaged 18.5%out of the
total of 25% dry weight. The slight increase in protein concen-
tration during the first 24 hours of fasting has been observed
previously and probably reflects a more rapid loss of other
muscle components such as glycogen or triglycerides early in
the course of starvation. In both groups, however, after 48
hours of starvation, protein concentration again equaled that of
the fed state. Our finding that both muscle bound 3MH content
and protein content were unchanged when measured in fed
animals suggests that there was no decrease in the percentage of
contractile muscle proteins in uremic rats.
Some of the increased weight loss in uremic animals might be
ascribable to dehydration, but the equality of protein concentra-
tions, measured per gram of wet weight, suggests that the
weight loss and decreased percentage of carcass to body weight
reflected increased muscle catabolism in uremia.
Numerous studies have appeared in which muscle protein
degradation rates have been estimated from the urinary excre-
tion of 3MH [3—7]. Although this may be adequate for animals
or patients in a constant, unperturbed (for example, fed) state,
our data demonstrate that different conclusions can be reached
when serum and tissue concentrations are considered as well.
For example, after 24 hours of fasting, there was a decrease in
urinary 3MH excretion. When the total rate of release of 3MH
from myofibrillar protein is taken into account, muscle degrada-
tion rates were at least constant or perhaps even elevated, After
48 hours of fasting, urinary 3MH excretion increased but serum
levels declined somewhat. If one assumes that serum concen-
trations represent the extracellular fluid concentration of 3MH
(20% of body wt) and muscle levels represent 45%ofbody wt
with 20% as extracellular fluid, then urinary 3MH excretion
underestimated the amount of myofibrillar protein degraded by
uremic rats by at least 30% and by 5% in the sham-operated
controls.
Our finding that the rate of myofibrillar degradation is in-
creased after moderate stress is in keeping with the work of
Holliday et al [3], who noted that fasted uremic rats had greater
urea nitrogen production rates than did sham-operated controls.
This difference in catabolic rate could be eliminated by provi-
sion of calories to the animals in the form of glucose. Garber
[19], using an in vitro epitrochlearis preparation, demonstrated
increased alanine and glutamine release in muscles from uremic
animals. Because tissue concentrations of these two amino
acids did not change and there was no difference in the rate of
alanine oxidation by muscle from uremic or control rats, he
hypothesized that muscle protein degradation was elevated in
uremia under basal conditions. 3MH excretion rates in our fed,
uremic rats are slightly but not significantly higher than our
sham animals. Thus, confirmation of Garber's findings may
require direct determination of degradation rates for total
muscle protein, as well as for myofibrillar protein.
Our data on the effects of starvation of 3MH production are in
good agreement with studies in young animals [4,5,20], as well
as infants under stress [21]. The correlation seen in this study
between increased weight loss and elevated rates of myofibrillar
degradation suggests that uremia may be associated with in-
creased protein catabolism in response to moderate metabolic
stress (for example, fasting, illness). This response may in part
relate to the decreased muscle protein mass seen in uremia.
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